Cocoa procyanidins inhibit expression and activation of MMP-2 in vascular smooth muscle cells by direct inhibition of MEK and MT1-MMP activities.
Expression and activation of matrix metalloproteinase (MMP)-2 play pivotal roles in the migration and invasion of human aortic vascular smooth muscle cells (VSMC) originating from normal human tissue, which is strongly linked to atherosclerosis. The present study investigated the possible inhibitory effects of cocoa procyanidin on thrombin-induced expression and activation of MMP-2 in VSMC. Cocoa procyanidin fraction (CPF) and procyanidin B2, one of major procyanidins in cocoa (3 microg/mL and 5 microM, respectively), strongly inhibited thrombin-induced activation and expression of pro-MMP-2 in VSMC, as determined by zymography. The thrombin-induced invasion and migration of VSMC were inhibited by CPF or procyanidin B2 (P < 0.05), as assessed by a modified Boyden chamber and wound healing assays, respectively. An enzymatic assay data demonstrated that CPF and procyanidin B2 directly inhibited membrane type-1 (MT1)-MMP activity (P < 0.05), and this inhibition of CPF was greater than those of red wine polyphenols. Western blot data showed that CPF and procyanidin B2 inhibited thrombin-induced phosphorylation of extracellular signal-regulated protein kinase but not mitogen-activated protein kinase kinase (MEK) in VSMC. Kinase and pull-down data revealed that CPF and procyanidin B2 inhibited MEK1 activity and directly bound with glutathione-S-transferase-MEK1. In addition, the thrombin-induced invasion and migration and the activation and expression of pro-MMP-2 in VSMC were attenuated by U0126 (a well-known inhibitor of MEK1). Cocoa procyanidins are potent inhibitors of MEK and MT1-MMP, and subsequently inhibit the expression and activation of pro-MMP-2, and also the invasion and migration of VSMC, which may in part explain the molecular action of antiatherosclerotic effects of cocoa.